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Objectives. We sought o clarify the clinicopathologic charac- 
teristics of insidious or healed myocarditis n the elderly. 
Background. Myocarditis i  the cause of unexplained congestive 
heart failure and dilated cardiomyopathy. However, acute myo- 
carditis of the Fiedler type is rare, and the incidence and 
implication of insidious or healed myocarditis n the elderly are 
not yet known. 
Methods. In an autopsy study of 3,000 patients aged >60 years, 
there were 12 (0.4%) with insidious or healed myocarditis, how- 
ing extensive and circumferential fibrosis and scattered lympho- 
cytic infiltration of both ventricular walls without acute necrosis 
of the myocardial fibers. 
Results. Unexplained congestive heart failure was found in 
seven cases. In all cases, electrocardiography had demonstrated 
upward elevation of the ST segment and inverted T waves for 
durations ranging from 1 month to 12.7 years (mean 5.7 years). 
Mean (-+SD) heart weight was 338 -+ 81 g (range 220 to 470). In 
nine cases, fibrous lesions, which were scattered but extensive and 
circumferential, were located in the subepicardial and middle 
layers of the left ventricle. In the remaining three cases, the 
fibrous lesions were located predominantly in the subepicardial 
and middle layers, but the subendocardial l yer was also locally 
involved. Fibrous lesions of the right ventricle were predominant 
in the subepicardial layer and involved the subendocardial l yer 
in four cases. Scattered lymphocytic infiltration was found in the 
fibrous lesions. 
Conclusions. Inmore than half of the aged cases with insidious or 
healed myocarditis, unexplained congestive heart failure was also 
present. Fibrous lesions due to myocarditis were located predom- 
inantly in the subepicardial nd middle layers and led to persis- 
tent upward elevation of the ST segment and inverted T waves. 
(J Am CoU Cardio11995;25:1641-9) 
Myocarditis has been reported to be related to unexplained 
congestive heart failure or dilated cardiomyopathy, and four 
reports published within the last 7 years cite confirmation of 
myocarditis in4.4% to 23% of endomyocardial biopsies (1-4). 
Older patients often have unexplained heart failure, but they 
are rarely found to have myocarditis. Because the clinical 
features of viral myocarditis are variable, clinical diagnosis of 
myocarditis is often difficult. In addition, the majority of 
patients with myocarditis recover completely without histologic 
evidence of myocarditis (5-10). There have been a few follow-up 
studies of patients with mild myocarditis or epimyocarditis 
(5,6,11-13). The reported incidence of histologically confirmed 
myocarditis in routine autopsies ranges from 0.7% to 9.2% 
(14-20). Patients with acute epimyocarditis generally show 
short-term ST-segment elevation and negative T waves (5,21). 
The characteristic features of 12 patients identified in this 
study with insidious or healed myocarditis were persistent 
elevated ST segments and inverted T waves. To our knowl- 
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edge, this is the first clinical and histologic examination of 
patients with myocarditis showing persistent elevated ST seg- 
ments on the electrocardiogram (ECG). The purpose of this 
investigation was to obtain detailed clinical and pathologic 
data on aged patients with insidious or healed myocarditis 
demonstrating persistent elevation of the ST segment on the 
ECG. 
Methods  
A total of 3,000 autopsy cases of patients ->60 years 
recorded at the Tokyo Metropolitan Geriatric Hospital be- 
tween September 1980 and December 1990 were reviewed. 
Twelve cases (0.4%) showed circumferential nd extensive 
(macroscopieally visible and microscopically diffuse) fibrosis 
and scattered lymphocytic nfiltration of the subepicardial nd 
middle layers. The diagnosis of heart disease was made based 
on histopathologic rather than clinical findings. The excised 
hearts were fixed in 10% formalin. The epicardial coronary 
arteries from the 12 cases were cut at 3- to 4-mm intervals, and 
the degree of stenosis was examined maeroscopically. For 
microscopic examination, transverse ctions of both ventricles 
at the papillary muscle level of the left ventricle were obtained, 
divided into six to eight blocks and embedded in paraffin. In 
addition, some sections from the basal and apical portions 
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Table 1. Clinical Characteristics of 12 Elderly Patients With Healed Myocarditis 
History of 
Pt Age (yr)/ Follow-Up CTR EF (%) 
No. Gender Period Preceding Symptoms HT CHF Causes of Death (%) by Echo 
1 82/F I yr, 4 mo Unknown + + LC, CHF, CRF 61 65 
2 92/F 8 yr, 5 mo Unknown - + CHF 54 61 
3 72/M 3 yr, 4 mo Unknown - - Pneumonia 51 75 
4 75/F 4 yr, 10 mo Unknown + + Gastric cancer 62 44 
5 77/M 12 yr, 4 mo Unknown - Pneumonia 43 ND 
6 84/F 3 yr, 3 mo Unknown - + Ovarian cancer 57 86 
7 86/M 14 yr, 8 mo Unknown + + CHF 70 36 
8 92/F 3 yr, 2 mo "Flu-like" illness + + Gastric cancer 62 69 
9 79/M 2 yr, 1 mo Unknown + Suffocation 40 ND 
10 82/M 9 yr, 10 mo Unknown - - Lung cancer 40 70 
11 94/F 3 yr, 2 mo Unknown - - Gastric ulcer 40 ND 
12 85/M 1 mo "Flu-like" illness + + SDH, CHF 65 ND 
CHF = congestive heart failure; CRF = chronic renal failure; CI'R = cardiothoracic ratio; Echo = echocardiog- 
raphy; EF = ejection fraction; F = female; HT = hypertension; LC = liver cirrhosis; M = male; ND = not done; Pt = 
patient; SDH = subdural hematoma; + = yes; - = no. 
were also obtained. Paraffin sections -6  txm thick were cut and 
stained with hematoxylin and eosin as well as Azan. These 
sections were carefully examined for the presence, extent and 
location of inflammatory cells and fibrosis under a light 
microscope. The criteria for inclusion in the study were 1) 
extensive and severe fibrous lesions unrelated to coronary 
artery disease, hypertensive orvalvular heart disease or alcohol 
abuse; and 2) cellular infiltration defined as five or more 
inflammatory cells per high power microscopic field (the 
normal myocardium contains fewer than five lymphocytes per 
high power field [22].) For coronary artery disease, the diag- 
nosis was based on clinical and pathologic findings. Patholog- 
ically, the condition can be distinguished by the distribution of 
fibrous tissue. Because the subendocardial l yer is most vul- 
nerable to ischemia, subepicardial lesions do not usually occur 
in myocardial infarction unless the subendocardial l yer is also 
affected. Subepicardial lesions associated with atherosclerotic 
coronary artery disease are rare where there is minimal or no 
involvement of the subendocardial l yer, and where the sub- 
epicardial esions are small, localized and segmental (23). 
Isolated and insidious or healed myocarditis was diagnosed on 
the basis of the previously described criteria in the absence of 
distinct necrosis of the myocardial fibers and inflammatory cell 
infiltration in other organs. The subjects elected included six 
men and six women (mean age 84 years, range 72 to 94). 
The medical records of all 12 patients with myocarditis were 
carefully reviewed. For all patients clinical profiles, including 
clinical presentation, duration of illness, left ventricular func- 
tion and ECG abnormalities, including convex-upward eleva- 
tion of the ST segment (at least 0.05 mV in the limb leads and 
0.1 mV in the chest leads) and inversion of the T wave, could 
be obtained. Unfortunately, detailed virologic studies were not 
undertaken i 11 cases because the patient was afebrile, or 
viral infection was not suspected at the time. Specific forms of 
myocarditis, including rheumatic, bacterial, mycotic, protozoal 
and eosinophilic myocarditis and myocarditis associated with 
collagen diseases and sarcoidosis, were excluded from the 
study. Aside from the heart, no distinct infectious lesions were 
noted in any other organs. 
Resu l ts  
Clinical characteristics (Table 1). The follow-up periods 
ranged from 1 month to 14.7 years, with a mean of 5.5 years. 
One patient (Patient 12), who was admitted 3 months after the 
onset of illness, had a deteriorating clinical course and died 4 
months after the onset of illness. The initial clinical outcome 
was favorable in the remaining 11 patients in the present study. 
Only two patients reported a"flu-like" illness characterized by
fever, malaise, generalized aches and sore throat, but they had 
neither chest pain nor a pericardial friction rub. There was no 
past history suggestive of common cold related to myocarditis 
before the onset of illness in the remaining 10 patients. On 
admission, Patient 6 showed positive C-reactive protein and 
mild pericardial effusion on the echocardiogram, but this 
disappeared a few weeks later. Virologic tests performed in 
one patient failed to show a fourfold increase in antibody titer 
in serum samples obtained uring the acute and convalescent 
phases of illness. Seven patients developed unexplained con- 
gestive heart failure during the follow-up period. Only two 
patients died of congestive heart failure, although congestive 
heart failure was associated with death in two others. Chest 
radiographs disclosed cardiac enlargement with cardiothoracic 
ratios >55% in half of the patients. The rest mean ejection 
fraction of the left ventricle ranged from 36% to 86% in the 
eight patients who were examined by echocardiography when 
no sign of congestive heart failure was apparent. Four of six 
patients with congestive heart failure showed a normal ejection 
fraction (range 61% to 86%). Only 2 patients (Patients 4 and 
7) with congestive heart failure showed an ejection fraction 
<50%. A distinct localized abnormality of the left ventricular 
posterolateral wall motion at rest was noted in Patient 4, who 
showed abnormal Q waves in leads V5 and V6 3 years after the 
recording of the ECG shown in Figure 1. Patient 7 showed 
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Figure 1. Twelve-lead electrocardiograms of 12 patients with 
insidious or healed myocarditis. Convexity-upward elevated ST 
segments _>0.05 mV were found mainly in leads II, III and aVF, 
and ST segments _>0.1 mV were found mainly in leads V2 to V 5 
in all patients. Inverted T waves _>0.05 mV were also found in 
the same limb leads in 6 patients, and T waves _>0.15 mV were 
found in the same precordial leads in 10 patients. Three 
patients had abnormal Q waves. 
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severe and generalized hypokinesia of the left ventricular wall 
motion simulating dilated cardiomyopathy (ejection fraction 
36%). 
Electrocardiographic findings (Fig. 1). The period during 
which upward elevation of the ST segment was observed 
ranged from 1 month to 12.7 years (mean 5.4 years). Eleven 
patients, excluding Patient 12, were followed for periods 
ranging from 1 to 12.7 years (mean 5.9 years). A convexity- 
upward elevation of the ST segment _>0.05 mV and an 
injury-current pattern were noted mainly in leads II, III and 
aVF in 11 patients, and an elevation ->0.1 mV or more was 
found mainly in leads V 2 to V 5 in all patients. Negative T waves 
_>0.05 mV were recorded mainly in limb leads II, III and aVF 
in 6 patients, and waves _>0.15 mV in the precordial leads were 
observed in 10 patients. Patients 3 and 9 had shown abnormal 
Q waves in leads II, II! and aVF; abnormal Q waves in leads V 5 
and V 6 appeared in patient 4 during the follow-up period. 
These findings persisted throughout the follow-up period. 
Right bundle branch block was noted in three patients, left 
anterior hemiblock in two patients and low voltage in limb 
leads in two patients. Rhythm disturbances were rare. 
Pathologic findings (Table 2). The heart weights ranged 
from 220 g to 470 g (mean of 338). Seven cases howed cardiac 
hypertrophy of >350 g--normal heart weights in the elderly 
Japanese range from 200 to 350 g (24). Cardiac metastasis was 
not found in the four cases with a premortem and autopsy 
diagnosis of cancer. The pericardial effusion volume was small 
in 10 cases and amounted to 200 ml in one case with chronic 
renal failure (Case 1). There was no record of pericardial 
effusion for Case 4. Two cases showed fibrinous epicarditis; 
two showed fibrous epicarditis; and in four, lymphocyte loci 
alone were found in the epicardium. The remaining four cases 
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Table 2. Pathologic Findings 
Heart Pericardial 
Case Weight Effusion 
No. (g) (ml) 
Lumen Narrowing (maximum) 
Epicardial Lesion LAD LCx RCA Other 
1 430 200 Cellular infiltration 10% 10% 10% 
2 280 Small NP 75% 25% 50% 
3 350 10 NP 50% 50% 90% 
4 350 Unknown Cellular infiltration 25% 10% 25% 
5 370 10 Fibrinous epicarditis 25% 25% 95% 
6 290 40 Fibrous epicarditis 0% 10% 10% 
7 370 40 Fibrous epicarditis 50% 75% 75% 
LV organized thrombi 
Posterolateral MI; RV 
organized thrombi 
8 300 5 Fibrinous epicarditis 50% 95% 90% 
9 410 Small NP 75% 50% 75% 
10 220 60 Cellular infiltration 25% I0% 50% Quadricuspid PV 
11 220 15 NP 10% 25% 25% 
12 470 20 Cellular infiltration 25% 10% 50% RV organized thrombi 
Case numbers correspond to patient numbers in Table 1. LAD = left anterior descending coronary artery; LCx = left circumflex coronary artery; LV = left 
ventricular; MI = myocardial infarction; RV = right ventricular; NP = not present; PV = pulmonary valve; RCA = right coronary artery. 
showed no epicardial involvement of small round cells or 
thickening with fibrosis. Of the 36 major epicardial coronary 
arteries examined in the 12 cases, 9 arteries in 6 cases were 
narrowed by >75%. Of the six cases with at least one signifi- 
cant coronary atherosclerotic lesion >75%, only Case 7 pre- 
sented an old posterolaterat myocardial infarction ear the 
apex. Among the cases with congestive heart failure, Cases 4, 
7 and 12 showed moderate or marked dilation of the left 
ventricle, and Cases 1 and 2 showed mild dilation. In contrast, 
only one (Case 5) of the five cases without congestive heart 
failure showed mild dilation of the left ventricle. There were 
mural thrombi in the right and left ventricles in three cases. 
Figure 2 shows transverse sections at the papillary muscle 
level for each case. The distribution of fibrous tissue is shown. 
The muscle fibers of both ventricles are replaced by loose 
connective tissue predominantly in the subepicardial nd mid- 
dle layers. Fibrous lesions are grossly small and scattered in 
most cases but are extensively and circumferentially distributed 
in both ventricular walls. The fibrous lesions are located 
predominantly in the subepicardial nd middle layers of the 
left ventricle in all cases and involve the subendocardial l yer 
of the left ventricle in 3 (Cases 4, 5 and 7), which show mild or 
marked dilation of the left ventricles. Transmural fibrous 
lesions of the right ventricular f ee walls were also present in 
four cases. Two cases with abnormal Q waves in leads II, III 
and aVF (Cases 3 and 9) showed fibrous lesions in the 
subepicardial nd middle layers of the posterior wall of the left 
ventricle, whereas Case 4, with abnormal Q waves in leads V5 
and V6, showed thinning of the posterior and lateral walls due 
to scattered and transmural fibrosis. No case showed acute 
necrosis of the myocardial fibers. 
Diagrams of the histologic findings for each transverse 
section are shown in Figure 3. Fibrous lesions were distributed 
mainly in the subepicardial nd middle layers, and cellular 
infiltrates were present in the fibrous tissue. The infiltrates 
were predominantly lymphocytic but contained small numbers 
of plasma cells. The infiltration was sparse in most areas of the 
fibrous lesions, but was appreciably dense in other sites and, 
like fibrous lesions, was pronounced in the subepicardial nd 
middle layers. 
As representatives, the histologic appearance in six cases is 
shown in Figure 4. Subepicardial fibrosis (Fig. 4A), and fibrosis 
of the subepicardial nd middle layers (Fig. 4B) were found in 
all cases. The myocardium in the subepicardial nd middle 
layers was replaced by fibrous and adipose tissue (Fig. 4C) in 
some cases. Small collections of scattered inflammatory cell 
infiltrates (Fig. 4D) were frequently observed, whereas dense 
inflammatory infiltration (Fig. 4E) was rare. Infiltrates con- 
sisted of mononuclear cells, predominantly lymphocytic, and 
scattered plasma cells and macrophages. Myocardial disarray 
(Fig. 4F) was noted predominantly in the middle layer in all 
cases except Case 2. 
Discuss ion  
Cause of myocardial lesions. Extensive and circumferen- 
tial fibrous lesions with scattered lymphocyte infiltrates were 
present in the present study and predominantly involved the 
subepicardial nd middle layers. Six of 12 cases had significant 
stenosis of one or two coronary arteries (>75% in cross- 
sectional area), and none showed three-vessel disease. How- 
ever, cases with significant stenosis do not always how gross 
myocardial fibrosis and infarction at autopsy. The subendocar- 
dial layer is most vulnerable to ischemia, whereas the subepi- 
cardial layer is relatively protected. Subepicardial lesions do 
not usually occur in myocardial infarction unless the subendo- 
cardial ayer is also affected. In the present study, subendocar- 
dial fibrosis, which may have been partly caused by ischemia, 
was observed in only two (Cases 5 and 7) of six cases. In 
addition, the subendocardial fibrotic lesions were small and 
localized compared with the distribution of fibrosis in the 
subepicardial nd middle layers. 
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Subepicardial myocardial lesions occur in a variety of 
cardiac diseases, such as atherosclerotic coronary artery dis- 
ease, sarcoidosis, idiopathic ardiomyopathy and myocarditis 
(23). However, subepicardial lesions are rarely seen and sub- 
epicardial lesions due to atherosclerotic coronary artery dis- 
ease are very small and segmental (23). The small and segmen- 
tal fibrosis of the subepicardium due to ischemia is very 
different from the extensive and circumferential fibrosis of the 
subepicardial nd middle layers een in our study. In addition, 
the right ventricle is relatively protected from ischemia as 
compared with the left ventricle. In this study, however, 
extensive fibrosis involved bothventricular walls equally; there- 
fore, the extensive and circumferential fibrosis cannot be 
explained by atherosclerotic coronary artery disease. 
Viruses preferentially invade the subendocardium because 
tile relatively hypoxic conditions foster the specific localization 
of viral infection (25); however, Shirani et al. (23) recently 
reported lymphocytic myocarditis in 2 of 22 cases with 
subepicardial myocardial lesions. Shirani et al. (26) also re- 
ported the distribution of gross myocardial lesions and inflam- 
matory cell infiltrates in14 patients who died suddenly of acute 
mononuclear-cell myocarditis. The myocardial lesions prefer- 
entially involved the subepicardial regions of the left ventric- 
ular free walls. The distribution of myocardial lesions was very 
similar to that of the extensive fibrosis and scattered lympho- 
cyte infiltrates in our study. Thus we are convinced that the 
Figure 2. Photographs of transverse sections at the level of th  
papillary muscles in each case. The muscle fibers of both ventricles 
were predominantly replaced by fibrosis in the subepicardial and 
middle layers. The fibrous lesions are scattered, but the distribution is 
extensive and circumferential. Case 7 showed thinning of the left 
ventricular posterolateral w ll; Cases 4, 7 and 12 showed moderate or 
marked ilation of the left ventricle; and Cases 1, 2 and 5 showed mild 
dilation. 
extensive and circumferential suhepicardial and middle layer 
lesions are related to myocarditis. An acute phase of myocar- 
ditis was not observed in most patients in the present study and 
the pathological process in most subjects appeared to be either 
long arrested or static at the time of death. It therefore seems 
likely that the subepicardial nd middle layer lesions represent 
the end results of a previously existing viral myocarditis o  
insidious myocarditis, although the specific ause could not be 
confirmed. 
Clinical presentation. Most patients with myocarditis are 
considered to have recovered once they have survived the 
acute phase (5-10). In the present study, only two patients had 
antecedent symptoms and signs; however, it is possible that he 
other patients had contracted an undocumented viral illness, 
and some types of my0carditis may present as an insidious 
disease without any history of an "acute" episode. It is known 
that Coxsackie virus infections often present a subclinical 
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Figure 3. Diagrammatic presentation f transverse ctions. Areas of 
fibrosis are shown in black, and sites of inflammatory cell infiltration by 
_>5 cells/high power field are indicated by circles. Both fibrosis and 
inflammatory cell infiltration were pronounced in the subepicardial 
and middle layers. 
course and that only in a minority of cases does overt cardiac 
involvement develop. 
Myocarditis may be a more or less focal myocardial disease 
without affecting cardiac function (5). The majority of myocar- 
ditis patients are clinically well 1 to 4 years later (13); however, 
myocarditis has been reported to be related to unexplained 
heart failure (1). In this study, it was confirmed that extensive 
fibrosis of the subepicardial nd middle layers influenced the 
cardiac function of every patient and contributed to the 
congestive heart failure noted in 7 cases. Echocardiograms of 
4 of the 7 congestive heart failure cases howed preserved left 
ventricular systolic function. It seems likely that an increase in 
fibrous tissue in the subepicardial nd middle portions caused 
reduced ventricular distensibility, which may have been accom- 
panied by an age-related ysfunction sufficient o lead to 
congestive heart failure. Thus, a restrictive hemodynamic 
pattern may have been present in most of the patients in this 
study. Idiopathic restrictive cardiomyopathy without a specific 
pathologic basis has been reported to show interstitial fibrosis 
or myocyte hypertrophy without inflammatory cell infiltration 
or both (27,28); however, the fibrosis was not evenly distrib- 
uted in the left ventricle and occurred in circumferentially 
arranged bands in the inner and middle portions of the 
ventricutar walls (27). The distribution of fibrous tissue in 
idiopathic restrictive cardiomyopathy is different from that in 
this study. Five of seven cases with congestive heart failure 
showed mild to marked dilation of the left ventricle, and in 
contrast, only one of five cases without congestive heart failure 
showed mild dilation. Insidious or healed myocarditis nvolving 
the subepicardial nd middle layers must herefore be consid- 
ered in patients with persistent elevation of the ST segment 
and inverted T waves on ECG regardless of whether unex- 
plained congestive heart failure or left ventricular dilatation 
are present. 
The prognosis for epicarditis or myocarditis is generally 
excellent (5,11), but long-term follow-up observation is rare 
(5,6,11-13); however, Bengtsson et al. (11), in a 5-year follow-up 
study, found that the sequelae of acute postinfectious myocar- 
ditis could not be overlooked; in addition, they recognized 
arrhythmia, slight enlargement of the heart, and impaired 
physical condition. Some patients with myocarditis continue to 
have subjective cardiac symptoms and persistent chronic heart 
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failure (7,9,11). Our findings indicate that the outcome was 
good in most older myocarditis subjects in whom fibrous 
lesions were found predominantly in the subepicardial and 
middle layers; however, in only one of the 12 patients did the 
clinical condition deteriorate after an acute illness. Kline et al. 
(29) reported that the clinical condition of 6 (2.4%) of 255 
cases of autopsy-confirmed myocarditis deteriorated, and that 
this "pernicious" form of disease is observed infrequently. 
Electrocardiographic findings. The ECG pattern in myo- 
pericarditis or myocarditis is characterized by ST segment 
elevation and subsequent T wave inversion. The initial eleva- 
tion of the ST segment in the acute phase of epimyocarditis 
generally returns to normal within several days to a few weeks, 
and inverted T waves develop as the ST segment elevation 
Figure 4. (A) Case 6. Thick fibrosis in the subepicardial l yer. Azan 
stain, original magnification ×5 reduced by 32%. (B) Case 1. Extensive 
fibrosis in the subepicardial and middle layers. Azan stain, original 
magnification x5reduced by 32%. (C) Case 10. Myocardinm in the 
subepicardial and middle layers was replaced by fibrous and adipose 
tissue. Azan stain, original magnification x5reduced by 32%. (D) Case 
3. Mild focal infiltration oflymphocytes in fibrous tissue. Hematoxylin 
and eosin, original magnification x50 reduced by32%. (E) Case 2. 
Moderate focal infiltration of lymphocytes in the area of fibrosis. 
Hematoxylin a d eosin, original magnification x25 reduced by32%. 
(F) Case 9. Myocardial disarray. Azan stain, original magnification 
xl00 reduced by 32%. 
subsides (21,30,31). In the present study, the characteristic 
ECG findings in 11 patients (ST segment elevation and T wave 
inversion had been observed for only 1 month after initial 
1648 CHIDA ET AL. JACC Vol. 25, No. 7 
MYOCARDITIS WITH PERSISTENT ST ELEVATION June 1995:1641-9 
symptoms in one patient) consisted of persistent elevation of 
the ST segment and inverted T waves over a period of at least 
1 year. An elevated ST segment in the acute phase of epimyo- 
carditis is caused by the "current of injury" in the subepicardial 
layer. In a 6- to 10-week follow-up study of 19 myocarditis 
patients, one was found to have persistent ST segment eleva- 
tion (7); in another study, persistent ST-segment elevation and 
negative T waves were observed over a period of 3 years in a
patient with chronic myocarditis (32). Signs of injury persist 
and a chronic disease phase evolves in some adult cases (6). 
During the chronic phase, an elevated ST segment is also 
usually found in patients with cardiac diseases, uch as cardiac 
aneurysm (31) or metastasis (33); however, neither cardiac 
aneurysms nor metastases were p sent in the subjects of this 
study. Because all of the cases did not have epicarditis, 
epicarditis itself could not have caused the persistent ST- 
segment elevation i  every case. The extent of cellular infiltra- 
tion varied among patients, and the areas of cellular infiltration 
were both focal and scattered. It also seems unlikely that 
inflammatory cell infiltration contributed to the elevated ST 
segment. The predominant and most common lesion in these 
12 cases was diffuse fibrous lesions in the subepicardial nd 
middle layers. Although it is true that fibrosis in these layers 
was associated with ST segment elevation, no reasonable 
explanation is apparent. It is conceivable that the fibrous 
lesions of the subepicardium result in acurrent of injury due to 
mechanical trauma by the fibrosis and that persistent convexity- 
upward ST-segment elevation, like thatseen in cardiac aneu- 
rysms (31), may develop. 
The T wave inversion due to subepicardial myocarditis 
usually persists even after the disappearance of ST abnormal- 
ities and returns tonormal over a period of a few weeks to a 
few months (21,30,31). Although persistent ST segment eleva- 
tion is very rare, residual local repolarization disturbances with 
fiat T waves, biphasic T waves, or negative T waves occasion- 
ally remain (5,10-12,30,31). The present results, however, 
indicate that evolving T wave inversion c tinues over the 
ensuing years. It is unclear why the inverted T waves occurred 
after the acute phase or during the chronic phase in most ca es 
in the present study. The fibrous lesions of the subepicardial 
layer also contributed tothe abnormal delay in repolarization 
in the subepicardial layer causing inverted T waves. 
Abnormal Q waves have b en noted during the acute phase 
of acute myocarditis, but complete recovery is observed after a 
few months (8,12,34). Abnormal Q waves in patients with 
insidious and healed myocarditis have not been documented 
and are considered to be due to ischemic heart disease, 
especially in older patients. These results indicate that fibrosis 
of the subepicardial nd middle layers contributes toabnormal 
Q waves and that insidious or healed myocarditis hould be 
taken into consideration when abnormal Q waves are noted. 
Histologie features. Pathologic studies of mild or insidious 
forms of myocarditis do not include data on subsequent 
histologic changes. Our findings are therefore of clinical and 
pathologic interest. A  present, the only way to obtain a 
confirmed iagnosis of myocarditis during life is by endomyo- 
cardial biopsy. It is often very difficult o establish a diagnosis 
based on the left ventricular endocardial biopsy specimen in 
patients whose myocarditis shows subepicardial and middle 
layer involvement. Thus, multiple biopsy specimens should be 
obtained from the right ventricular septum to minimize the risk 
of a false negative biopsy, especially in patients with healed 
myocarditis with persistent ST segment elevation and T wave 
abnormalities caused by fibrous lesions of the subepicardial 
and middle layers. The detection of myocarditis, however, can
be difficult in patients with focal cellular infiltrations in the 
chronic phase. 
Whitehead (35) reported that one feature of diffuse sub- 
acute or chronic myocarditis is muscle hypertrophy, which is 
often irregular with adjacent fibers showing obvious differences 
in width and nuclear size. In some cases of healing and chronic 
myocarditis, derangement or disarray of the myocytes along 
with focal cell infiltration is seen (36). Myocyte disarray 
without inflammatory cell infiltration in myocarditis, which we 
found in 11 cases, might be caused by hypertrophy of the 
residual muscle fibers after disintegration, lysis, and disappear- 
ance of the myocytes. 
We thank Dr. Margaret Dooley Ohto for assistance in the preparation f this 
manuscript. 
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